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ABSTRACT

Water pollution from industrial discharges is a worldwide problem and can have very harmful effects
on the environment. In this study, adsorptive removal of two different dyes was investigated using a
new natural, biodegradable adsorbent based on shrimp shells: chitosan in a batch adsorption oper-
ating system. Chitosan was synthesized from flowery prawn and then characterized using different
analytical techniques. The results obtained show a remarkable removal rate in the first 30 min with
optimum process conditions for both dyes. Linear forms of pseudo-first-order, pseudo-second-order
kinetic, and the intra-particle diffusion kinetic model equations were used to describe the kinetic data
of the dye removal process. The Langmuir and Freundlich adsorption isotherm models were used
to analyze equilibrium data of adsorption of dyes by chitosan. The maximum adsorption capacities
(Q,) of chitosan for methylene blue and congo red dye were in the range of 116.3 and 113.6 mg g,
respectively. The study shows that the dye adsorption process on chitosan can be described as both

isotherm models used.
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1. Introduction

Industrialization, unplanned urbanization, agricul-
tural activities due to the rapid growth of the world’s pop-
ulation caused the excessive use of chemicals resulting in
the discharge of chemical pollutants into the environment
[1,2]. Non-natural dyes can be used in a great amount as
a colorant in various industries such as paper, leather,
paint along with textile industries. The necessity of high
rate water usage in dying processes, a great amount of

* Corresponding author.

colorant wastewater is generated in these types of indus-
tries. In general, the wastewater discharged in a textile
operation is approximately in the range 40-65 L kg™ of the
product. A wide range of different classes of dyes disperse,
including reactive, basic, acid, direct, azoic, and sulfur dyes
can be used in the textile industry [3,4]. Insoluble dyes are
can be separated from the wastewater by various methods
while other water-soluble dyes can be hard to treat by the
conventional separation process.
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The release of colored substances into receiving media
may lead to aesthetic problems, reduce light penetration,
inhibit photosynthesis, and highly be harmful to humans,
living other organisms and environments [3,7]. Therefore, strict
discharge limits and guidelines for effluent containing dyes
are being set by Governments and Environmental Agencies
in many countries, resulting in the necessity of advanced
treatment of colored wastewater. There are many different
physical and chemical treatment methods that are available
for treating textile wastewater [8-11]. Besides these meth-
ods, adsorption is the simplest and the easiest method and
still the preferred method for an effective and economical
way to treat wastewater, especially recycled waste mate-
rials used as adsorbents in the treatment. Several research
papers reported for a dye removal process using natural
adsorbents [12-14].

Chitosan has been widely used in the production of dif-
ferent biological medical products [15]. Chitosan is made
from crustacean exoskeleton chitin, the cuticles of insects
by deacetylation of acetoamide groups at high pH value.
After cellulose, chitosan is known as the most widely found
biopolymer in the world. Great amounts of amino groups
in chitosan provide very suitable properties for adsorp-
tion of heavy metals such as Cu*, Cd* and Pb* with an
adsorption capacity of 0.27, 0.036 and 0.016 mmol g7,
respectively [16-19] and organic dyes like acid green 25
and reactive blue 222 with 645.1 and 87.3 mg g™ adsorption
capacity [20,21]. The polycationic feature of the polymer is
created by protonating the deacetylated amino groups in
chitosan and these groups are served to provide charged
connections with pollutants.

In this study, chitosan, a low-cost natural adsorbent,
was used for the adsorptive removal of methylene blue (MB)
and congo red (CR). The characteristics of chitosan were
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determined using different analytical methods and differ-
ent parameters affecting the adsorption processes such as
pH, adsorbent mass, and dye concentration were investi-
gated. Then equilibrium and kinetic results of dye removal
were investigated and compared to different models.

2. Materials and methods
2.1. Materials

MB and CR from (Merck, Germany), ethanol from
Chem Lab (South Africa), sodium hydroxide (NaOH) and
hydrochloric acid (HCI) from Sigma-Aldrich (USA). All
chemicals used in the experiments were very high grade
and used without any extra treatment. Distilled water was
used through the experiments.

2.2. Preparation of adsorbents

Flowery prawn heads were obtained from a prawn
processing facility and adsorbent preparation steps are
given in Fig. 1. The prawn shells were first separated from
their heads to remove unwanted wastes and washed thor-
oughly to remove meat residue and additional impurities.
The shells were dried in an oven at 105°C until a fixed
weight was achieved. After this heating process, prawn
shells were ground and separated to obtain particles of size
smaller than 250 um [22,23].

The shrimp powder obtained is passed through the
demineralization step. Shells were cured with 0.25 M
HCI solution in the room temperature with a ratio of
1:40 w/v (1 g of shell per 40 mL of HCI), solid and miner-
als inside the prawn shell are dissolved into acid during
this demineralization process [22,23]. The demineralization
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Fig. 1. Preparation of chitosan from flowery prawn.
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Table 1

Chemical structure and characteristics of adsorbed dye

Methylene blue Congo red
Structure N, W=
H3C‘N’©[s:©ﬁ“CH3 Y ¢ o ] \/_>
CHy oF CHy 28 = P
’ 2;\ N.f.f“ _<\ }f " = 5/0
AYS 0" "
8%y
CI 52015 22120
Molecular formula C,H,CIN,S-3H,0O C,H,,N,Na,OS,
Molecular weight (g mol™) 319.8 696.6
Maximum wavelength A__ (nm) 660 495
Supplier Merck Merck
Water solubility (g L™) 44 25

process helps to minimize the ash content and the carbon-
ates and phosphates which present in the solid. Distilled
water was used to clean this created solid for removing
dissolved minerals and excess HCIl. Afterward, the solid
sample was put into an oven at 105°C until a fixed weight
was reached.

Demineralized prawn shell powder was achieved by
treating the prawn powder from previous steps with 1.0 M
NaOH by heating to 70°C with a solution to a solid ratio of
20 mL g™. In this process, the proteins in the solid are dis-
solved in NaOH due to the conversion of the protein into the
water-soluble amino acids. The modification was repeated
numerous times until no color seen meaning settling of
medium solids indicates the on-existence of protein. The
resultant solid was then washed to get neutral to eliminate
suspended protein and excess NaOH [20,21]. Then the sam-
ples were dried in the oven at 105°C to a constant weight.
After this step, the resulting powder was first washed with
hot ethanol (solution to solid ratio of 10 mL g™) and later
boiled in acetone (solution to solid ratio of 10 mL g™) to
eliminate other small amounts of impurities can be pres-
ent in the prawn shells [18] as a purification step. Distilled
water was used to clean purified powder (chitin) and then
dried in an oven at 105°C to a fixed weight.

The last step is the preparation of chitosan known as
deacetylation. In this step, chitin is converted to chitosan
by the removal of acetyl groups known as the deacetyla-
tion process. Chitin was immersed in a 45% NaOH solu-
tion (solution to solid ratio of 15 mL g™) at 22°C for 4 days
and then washed with distilled water until a pH value of
7 and dried in the oven at 105°C to a constant weight [18].
Deacetylation degree of chitosan was valued using the
Fourier-transform infrared spectroscopy (FTIR) in the range
of 500—4,000 cm™.

2.3. Samples characterizations

The chitosan used along this experiment is characterized
by FTIR of the (Shimadzu IR Prestige-21, Japan) with potas-
sium bromide (KBr) tablets as a reference at the frequency
range 400—-4,000 cm™.

Fig. 2. Schematic for batch adsorption experimental set-up used.

Zeta potential of the biopolymer used in the experi-
ments was measured by Zetasizer 2000 system (Malvern
Instruments Ltd., Worcestershire, UK) to see changes in
the charge of chitosan according to different pH values 3-9.

Degrees of acetylation (DA) and deacetylation (DDA)
are essential parameters for characterizing chitosan. The
degree of acetylation (DA) relates to the N-acetylamine
groups [24]. The degree of deacetylation (DDA) shows
the removal of the acetyl group from the chain and can
be determined by FTIR analysis from Egs. (1) and (2). The
degree of deacetylation of chitosan was calculated using
the common equation given as follows [25]. The absor-
bance values at 1,650 and 3,450 cm™ are the absolute
heights of absorption bands of amide and hydroxyl groups
respectively [26].

A -1
DA — 1,650cm 100 (1)
1.33

3,450cm ™!

DDA% =100 - DA @)
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The surface of chitosan is also characterized by a scanning
electron microscopy coupled with energy-dispersive X-ray
spectroscopy (SEM-EDS) (Philips XL 30 SFEG, Germany).

2.4. Adsorption experiments

The adsorption experiments were investigated in batch
operation type at different initial values of pH, tempera-
ture, and dye concentration (Fig. 2). The adsorption experi-
ments were performed by introducing a precisely weighed
amount of chitosan (0.25 g) into a volume of 50 mL of
100 mg L™ synthetically prepared two different dye solutions.
The experiments were conducted with adding chitosan to
50 mL of the MB solution at a constant temperature of 25°C.

Two series of isotherm plots were achieved for two
different dye solutions and each isotherm studies contained
five dye concentrations ranged from 10 to 150 mg L. For
each experiment cycle, separate flasks were prepared and
used to evaluate the experimental data. At each time, the
adsorbent was removed from solution by centrifugation
at 2,600 rpm for 4 min and final dye concentrations were
measured in the solutions using a UV-Vis spectropho-
tometer (Hach Lange, DR 2800, Germany) spectropho-
tometer at the wavelength corresponding to the sample’s
maximum absorbance value.

The adsorption capacities of each dye were calcu-
lated using Eq. (3) and other parameters were measured
experimentally.

V(C,-C
g, -26=C) )
m

where g, (mg g™) is the amount of dye adsorption per unit of
adsorbent at the time, C, and C, (mg L) are the initial con-
centration and the concentration at the time, respectively; m
is the mass of adsorbent used (g) and V is the volume of solu-
tion (L).

Adsorption kinetics define the reaction pathways the
rates and process mechanism until the equilibrium. Different
kinetic models are used:

Pseudo-first-order: described the kinetics of adsorption of
a species in an adsorbent by the ordinary first-order differen-
tial equation which gives by integration the following equa-
tion [27,28]:

kl
t 4
2.303 @

log(q, —4,) =log(q,) -
where g, and g, (mg g7) is the amount of dye adsorption
per unit of adsorbent at time t (min), and at equilibrium
respectively, k, is the pseudo-first-order rate constant (min™)
calculated from the plot of log(g, — g,) against ¢.

Pseudo-second-order: In this model, the binding of
pollutants to the surface of the adsorbent is due to the
physicochemical interactions between the adsorbent and
the adsorbate, which leads to a chemisorption process [29].
The linear form of this model given by Eq. (5) [30].

Fo1 1
= +—t 5
9. ka a. ©

where k) (g mg™” min™) is the rate constant for the pseudo-
second-order model, used to calculate the initial adsorption
rate (k) (mg g min™) [Eq. (6)]. The values of &, k,, and g,
calculated from the plot of t/g, against .

h=kyq: (6)

Intra-particle diffusion model has been used to interpret
the adsorption process of MB and CR by chitosan, this model
can be represented by Eq. (7) [31].

9, =kt @

where k; is the intra-particle rate constant (mg g™ min'?).

Adsorption isotherm expresses the difference of concen-
tration of solute at liquid and solid phases at equilibrium.
In this study, the adsorption process was investigated by
Langmuir and Freundlich isotherm models. In Langmuir
model [Eq. (8)], only homogenous adsorption takes place
on the solid surface and a place can only have occupied
by one solute and no more adsorption can occur at this
surface [32].

g: L + L C. (8)
7, \Qb) \Qpb) °

where C, (mg L) is the concentration of dyes at equilib-
rium, Q, is the maximum adsorption capacity (mg g™) and b
(L mg™) is the constants of Langmuir isotherm.

A dimensionless separation parameter (R ), can also be
calculated from Langmuir equation [33]. R, values calcu-
lated shows the description of adsorption type Eq. (9), for
example, either unfavorable (R, > 1), linear (R, = 1), favorable
(0 <R, <1), or irreversible (R, = 0) [34,35].

R, = L
1+bC,

©)

The empirical Freundlich isotherm Eq. (10) can be used
to describe non-perfect and multi-layer adsorption on hetero-
geneous surfaces [36]. The constant n linked to the adsorp-
tion intensity while K, connected to the adsorption capacity

(mg g™) [37]-

loggq, =logK, +nlogC, (10)

K, (mg g™) (L mg™)"", and n are Freundlich isotherm model
constants which relate to the capacity and the intensity of
adsorption respectively [37,38]. The ratio (1/n) is a func-
tion of the adsorption force and measures the surface het-
erogeneity [39,40]. If n = 1 then the partition between the
liquid and solid phase is independent of the concentration
while the adsorption is linear [41], If the value of (1/n) > 1,
this indicates cooperative adsorption, However, (1/n) < 1
than one indicates normal adsorption [42].
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3. Results and discussion
3.1. Characteristics of chitosan
3.1.1. Infrared characterization of chitosan

FTIR spectroscopy of chitosan Fig. 3 shows that the elon-
gation vibration located at 3,429 cm™ marks the occurrence
of amine group N-H. In fact, the bands corresponding to the
symmetrical valence vibration of the CH, group and that of
the C-H elongation were respectively 2,924 and 2,893 cm™.
There was also a C-C vibration from the aromatic ring at
1,577 cm™ and an N=N vibration at 1,485 cm™. In addition, the
C-N elongation vibration appeared at 1,379 and 1,179 cm™.
There was also a band at 1,103 cm™ which corresponds to
S=0 vibration. The vibration of deformation in the plane of
C-H is at 1,026, 811.59 and 689.34 cm™. Finally, a band at a
C-S vibration appeared at 582.13 and 536.05 cm™. However,
After the adsorption of MB and CR on chitosan, we observe
the appearance of two peaks around 900 and 554 cm™ cor-
responds to C=C aromatic of dyes [4], on the other hand; a
decrease in the intensity of the peaks 1,379 and 1,577 cm™
which corresponds to (C-N), and aromatic ring respectively
due to the electrostatic interaction between these groups
and the sulfur atom from MB and a sulfonated group of CR
[43], another obvious change is observed at the frequency
level 3,429 cm™, which indicates the participation of amino
groups in the adsorption process [44]. These changes after
adsorption of dyes proved that a chemical contact happened
between the chitosan and dye molecules, as the main func-
tional groups engaged in the adsorption process of both
dye molecules on chitosan were the amine groups [45,46].

3.1.2. Zeta potential of chitosan

pH . (pH at which the electrical charge is zero on the
surface of the adsorbent) is a very important parameter
explaining the adsorption process in terms of electrostatic
attractions between the charged surface of the adsorbent and
the pollutants, the pH__of chitosan is measured in a pH range
between 3 and 9 corresponding to potential values between
10.6 mV and -9.88 mV, the zeta potential result of chitosan at

(@)
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Fig. 3. FTIR spectroscopy of chitosan (a) before adsorption,
(b) after MB adsorption, and (c) after CR adsorption.

different pH values is shown in Fig. 4. The pH , of chitosan
decreases almost linearly with increasing the pH, the opti-
mal value of pH _obtained is 6.5. It is significant to indicate
that at pH>6.5 the chitosan’s negatively surface charged. On
the other hand; at pH < 6.5 the surface of chitosan is a pos-
itive charge. The positive charge of chitosan is achieved by
protonation of the amine group in NH} form after its solu-
bilization in acetic acid. This can be referred to the proton-
ation mechanism of chitosan [47]. In an acidic environment,
chitosan (Chit-NH,) can act as a weak base and reacts with
the H" protons resulting from the acetic acid dissociation
to produce the chitosan with protonated form (Chit-NH})
according to the following stable reaction Eq. (11):

Chit -NH, + H" — Chit - NH; (11)

When the pH has been increased, there is a reduction in
the zeta potential of chitosan due to the neutralization of chi-
tosan by an excess NaOH. Strong hydroxyl groups are pro-
duced in the presence of NaOH and can interact with the H*
proton of the amine group on chitosan. Therefore, in the pH
range below 6.5, the H* proton of chitosan is protected. These
results obtained are almost in agreement with the other
studies in the literature [48].

3.1.3. Degree of acetylation of chitosan

Infrared spectroscopy (IR) is a rapid technique for
qualitatively evaluating DA by calculating the absorbance
ratios of a characteristic band of an acetyl group on a band
common to acetylated and deacetylated units [49]. The DDA
is determined by the application of the law cited in the mate-
rial and method part. The analysis of the infra-red spectra of
the chitosan used makes it possible to deduce the degree
of deacetylation DDA which is DDA = 59.27% and degree
of acetylation DA =40.73% using Egs. (1) and (2).

3.1.4. Chitosan analysis by SEM and EDS

The morphology of chitosan was taken using SEM.
The SEM photograph of chitosan made from shrimp shells

‘\.\

5 pH ZC
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Fig. 4. Zeta potential measurements of chitosan.
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Fig. 6. EDS spectrum and surface elements found on chitosan.

of the Wilaya of Mostaganem, Algeria at various magnifica-
tions are shown in Fig. 5. It was observed that the extracted
chitosan had flaked layers and that some areas were porous
(magnification x1,000). These results were agreeing with
another study [50]. SEM with the add-on function of EDS
is common spectroscopy to identify chemical elements dis-
tributed on the surface of the chitosan. EDS can also offer
further supporting data on the substances contained on the
surface. The composition of chitosan was determined by
EDS Fig. 6 with different values of pH. The microanalysis
of EDS was revealed 60% of carbon (C), 38% oxygen (O),

and 0.5% of aluminum (Al). Existence of aluminum with a
small percentage back to metallization not showing up the
nitrogen related to parameters of apparel.

3.2. Adsorption studies
3.2.1. Effect of contact time

It is necessary to determine an ideal contact time to reach
equilibrium (i.e. the adsorbed quantity as well as the con-
centration remain unchangeable or stable). The equilibrium
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Fig. 7. Effect of the contact time on adsorption of MB and CR by the chitosan (m = 0.25g; C, =100 mg L™; T =20°C; V=50 mL; pH 6.7

for MB and 7.1 for CR).
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Fig. 8. Effect of the adsorbent mass on the adsorption of methylene blue and congo red (C, = 100 mg L™; t = 120 min; T = 20°C;

V=50 mL; pH 6.7 for MB and 7.1 for CR).

time is the moment where all the sites on the polysaccha-
ride (chitosan) are filled and no possibility of fixation of MB
and CR on the adsorbent material. As shown in Fig. 7, the
adsorbed amount increases over time once the sites are all
filled. During the first 30 min, it was found that maximum
adsorption removal rates for both dyes were equal to over
90% with a removal amount of 43 mg g'.

3.2.2. Effect of adsorbent dose

The dose of the adsorbent can also affect the adsorption
process efficiency. The effect of the amount of adsorbent

(chitosan) was examined using 0.05-0.35 g adsorbent masses
and the outcomes are shown in Fig. 8. The results showed
that the removal rate of MB rises very little with the mass of
adsorbent, whereas the removal rate for CR increases with
the increase in the amount of adsorbent. In other words, the
elimination rate increases for CR from 38% to 90%, and the
amount eliminated decreases from 38 to 13 mg g™'. Because
of the free sites on chitosan increase with the increased
amount of adsorbent used. Once they exceed the desired
number, the yield decreases automatically. This behavior
can be described by the increase in the number of available
adsorption surface places and the specific surface area of the
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adsorbents resulting in a rise in the dye removal efficiencies
the adsorbent dose increases. These results are consistent
with the other works found in the literature [51,52].

3.2.3. Effect of the initial dye concentration

The effect of the initial dye concentrations on the
removal of the MB and CR dyes (Fig. 9) was achieved by
having various concentrations tested at room temperature.
Both dye removal rates tend to decrease with increasing
the initial concentrations. This is possibly due to the inad-
equate space of the adsorption sites on the adsorbent sur-
face. However, a proportionate relationship is observed
between the adsorbed quantity and a contradictory
behavior between the dye elimination rate and initial con-
centration. These results can be explained by the theory of
collision which asserts that the presence of more substances
in a system increases the chance that molecules collide and
accelerate the rate of reaction. Thus, increasing the dye con-
centration causes an increase in the number of dye ions in
a solution involving better adsorption. It can also have said
that the initial dye concentration increase leads to a rise in
the mass grade between the solution and the adsorbent [53].

3.2.4. Effect of pH

pH of the solution is one of the other essential factors
affecting the removal process. The pH range of 3-10 was
chosen to study the pH effect on CR and MB dye adsorption
on chitosan. HCl and NaOH solutions were used to adjust the
pH of the solutions. MB is a cationic dye (positively charged)
thus adsorptive removal is more favorable in acidic pH due
to the phenomenon of electrostatic contact between the dye
and chitosan. However, dye removal rates have not affected
pH changes due to there are always more active sites avail-
able for both dye and the adsorbent at the experimental con-
ditions studied. Fig. 10 further confirms this phenomenon
and these results which are virtually similar. For CR dye, at

I vie [ CR

Removal rate %

20 40
Co(mg L™

Fig. 9. Effect of the initial dye concentration on the adsorption of
MB and CR on chitosan (pH =4; m =0.25 g; t = 120 min; T =20°C;
V=50 mL).
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apH of a solution more than pH | a decrease in the CR elim-
ination rate from 90% to 83% due to the deportation of chi-
tosan [54] (the positively charged groups), in addition, there
is also competition between the hydroxyl groups (OH") of
the solution and the CR anions for the positively charged
adsorption sites (chitosan) [55]. For low pH (strongly acidic
medium) the CR is slightly soluble [56] which decreases the
elimination rate up to 79%, when the pH close to pH_,_the
CR is very soluble and the chitosan is always protonated
[57], therefore a good rate of 90% elimination at pH = 6. The
elimination of MB reduced at strongly acidic media (pH = 3)
reflects the presence of excess H' ions which compete with
MB cations [58]. With a pH above 4, the elimination rate is
between 92% and 93%.

3.3. Adsorption isotherm studies

The study of isotherms is fundamental for the descrip-
tion of the interactive behavior between the chitosan and
the dye solution. The experimental equilibrium data were
analyzed by two types of adsorption isotherms, Langmuir
and Freundlich. The equilibrium adsorption curves of dye
removal are depicted in Fig. 11 and as can be seen from
this figure, the curve sharp of the isotherms rises suddenly
initial stages due to the existence of readily accessible sites
available. However, the curvature of plots was still raising at
the end of the process conditions studied showed that there
are still active sites available for dye adsorption.

The isotherm parameters and calculated R? correlation
coefficients are given in Table 2. The result showed that both
adsorption isotherm models were represented well by two
isotherm model Langmuir (Fig. 12) and Freundlich (Fig. 13).
The separation parameter values of R, for dye adsorption
processes were calculated using Eq. (8) and was found in the
range of 0.03-0.538 indicating dye removal processes were
favorable.

The linearized form of the Langmuir and Freundlich
isotherms for the two dyes MB and CR are found to be lin-
ear with extremely high correlation coefficients R? > 0.98 as

I V5 I CR

100

90

80

70 +

60

50 H

Removal rate %

40+

30

20

pH

Fig. 10. pH effect on the adsorption of methylene blue and congo
red by chitosan (C,=100 mg L™; m = 0.25 g; £ = 120 min; T =20°C;
V=50mL).
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Fig. 11. Equilibrium plots for MB and CR adsorptions (m =0.25 g;
T=20°C; V=50 mL; pH 6.7 for MB and 7.1 for CR).
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Fig. 12. Langmuir plot for adsorption of MB and CR (m =0.25 g;
T=20°C; V=50 mL).

Isotherm constants and correlation coefficients of the isotherm models used

Langmuir isotherm

Freundlich isotherm

Separation parameter

Q, (mg g7 b (Lmg™) R? K, (mg g ) (L mg™) n R? R,
MB 116.3 0.2139 0.997 18.16 0.743 0.987 0.072-0.538
CR 113.6 0.0858 0.986 9.014 0.762 0.993 0.030-0.318
. 60
y=0,0867x + 48,69
R2=0,7215
44 509 y=32564x +31,37 — v v
& R2=0,9926
g y = 0.7473 x + 2.9006 0 y=0.713x + 39272
= - g 2=0,9736
= E
3 T 304
24 y=07517x+2.1992
R#= (993 y=9,3342x - 7,672
R2=0,9952
14 20
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= MB| v CR
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Log(Ce) {2 (min”z)

Fig. 13. Freundlich plot for the adsorption of MB and CR
(m=0.25g; T=20°C; V=50 mL).

shown in Table 2. Analysis of the modeling results showed
that the MB adsorption issued of the Langmuir model had
given the better fit of experimental data. Otherwise, the
CR adsorption issued by the Freundlich model. The max-
imum adsorption capacity of MB and CR obtained from
the Langmuir model is 116.3 and 113.6 mg g™ respectively,
indicates that chitosan has a good elimination efficiency for
these two pollutants.

Fig. 14. Intra-particle diffusion model for the adsorption of MB
and CR (m =0.25 g; C; =100 mg L; T=20°C; V=50 mL).

A brief comparative study of the adsorption capacity of
the literature of various adsorbents for the elimination of MB
and CR is presented in Table 3.

3.4. Kinetic of adsorption

The diffusion behavior of solid-liquid adsorption
experiment was explored by the intra-particle diffusion
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Table 3
Comparison of the maximum adsorption capacities (Q, ) of CR and MB on various adsorbents
Adsorbents Pollutants Q, (mgg™) References
Chitosan nanocomposite beads Methylene blue 36.25 [59]
Alginate-activated carbon composite / 40.70 [4]
Crosslinked chitosan/bentonite composite / 142.86 [58]
Biomass-based activated carbon by FeCl, activation / 259.20 [60]
Chitosan / 116.30 This work
Chitosan coated magnetic iron oxide Congo red 56.66 [52]
Chitosan/montmorillonite nanocomposite / 53.42 [53]
Carbon nanofiber@graphite / 733.20 [61]
Chitosan / 113.60 This work
Table 4
Calculated kinetic constants and correlation coefficients
Pseudo-first-order Pseudo-second-order
K, (min™) g (mgg") R kx10'(gmg'min?) g (mgg?)  h(mgg'minl) R
MB 0.096 32.063 0.875 3.960 50.251 1.000 0.997
CR 0.039 20.568 0.939 3.880 50.761 1.000 0.989

model. As shown in Fig. 14, separate two linear portions
of intra-particle plots show that two different diffusion
mechanisms take place throughout the elimination pro-
cess. The first stage is the external mass transfer on the
surface of adsorbent while the following linear part shows
slow and final adsorption stages (Table 5). Therefore, it
can safely be said that dye ions were firstly adsorbed by
the external surface of the adsorbent, after reaching the
saturation, dye ions passed in into pores within the chi-
tosan and were adsorbed by the internal surfaces. Similar
multi linearity has been reported in removal textile dye on
permeable chitosan fibrous adsorptive material [62] and
chitosan [64].

4. Conclusion

In this study, chitosan extracted and prepared from
shoreline shells of the Mostaganem—Algerian littoral was
used for the removal of two dyes MB and CR in an aque-
ous solution in batch mode. The adsorption capacity of both
dyes by chitosan was made quickly with 30 min reaction
time and over 90% removal percentage. The results are indi-
cated that both isotherm models describe well the adsorp-
tion of MB and the CR on chitosan. From the results, it can
be determined that chitosan can be used as an abundant and
natural adsorbent material for the removal of dyes and also
conclude that adsorption is a physicochemical process that
remains simple is more feasible.
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